OBJECTIVES: The Acuity Adaptable Patient Care (AAC) unit system allows all beds within a nursing unit to negate the need for transfer with changes in patient status. The unit is specialty specific to all levels of patient care. This system was implemented in March 2006 for cardiothoracic surgery at our institution. The purpose of this study was to evaluate the impact of the AAC system on the outcomes after adult cardiac surgery. 
INTRODUCTION
As healthcare is rapidly evolving towards a value-based system, there is an increasing need to adopt patient-centered approaches and contain costs without impairing the quality of care. In order to achieve this aim, strategies have already been implemented in the perioperative care of cardiac patients. Fast-track recovery protocols have received widespread support and have been utilized in many cardiac centres to shorten hospital length of stay (LOS) after cardiac surgery [1, 2] . Under these protocols, most elective coronary artery bypass grafting (CABG) patients can be extubated within several hours of the surgery, transferred to a general care (GC) unit and discharged from the hospital in a few days [3] . Also, due to innovations in cardiac surgical procedures, less invasive techniques have also been utilized as a strategy to shorten length of hospital stay and improve recovery time [4, 5] . One approach that focuses primarily on the postoperative care of patients is the Acuity Adaptable Patient Care (AAC) model, which integrates different levels of care including intensive care unit (ICU), immediate care (IMC) and GC, without physically transferring the patient from one unit to another [6] . While all these strategies have been shown to be effective in improving the quality of care, the use of AAC is particularly apt for cardiac care due to its predictable postoperative care pathway [7] .
The AAC model is a concept that was pioneered in the 1970s by Loma Linda University Medical Center in California as a way to improve hospitalization experience and patient care in the cardiothoracic (CT) department [6] . Since its inception, several academic centres and physician-owned specialty heart hospitals have adopted this system. In traditional postoperative care models with a separate ICU floor, patients are often transferred from 3 to 6 times between ICUs, IMC and GC units until discharge [8] .
Conversely in an AAC model, the required level of care is brought to the patient as patient rooms within the unit are reorganized to accommodate the needs of various levels of care. This system allows all beds within a nursing unit to negate the need for transfer with changes to patient status, keeping a patient in the same room throughout their hospital stay. With fewer transfers, fewer medical errors are made and confusion from multi-bed transfers is minimized, thereby efficiently making use of resources, and improving safety [9] . This approach helps curb the alarming proportion of delays and bottleneck effects on patient flow, by creating flexibility to the patient room. Thus, the AAC model is an evidenced-based holistic approach that promotes patient safety while increasing efficiency in hospital operations.
In March 2006, the Cardiothoracic Division of the Department of Surgery at the University of Wisconsin Hospital and Clinics (UWHC) adopted the Acuity Adaptable Patient Care unit system in an attempt to streamline postoperative care processes. The AAC model is not a new concept to healthcare; however, few empirical data exist on the impact of an AAC model on postoperative outcomes [10] . The purpose of our study was to evaluate the impact of the AAC system on outcomes after adult cardiac surgery at our institution.
MATERIALS AND METHODS
We retrospectively reviewed 2930 consecutive patients who underwent major adult cardiac procedures between January 2003 and December 2010 at our institution ( Table 1) . The cohorts were divided into the pre-AAC group ( January 2003 to February 2006, n = 1029) and the AAC group (March 2006 to December 2010, n = 1901). Patient demographics were analysed to assess for differences in patient populations in these two time periods. Postoperative outcomes were assessed, including LOS after surgery, postoperative mortality, 30-day readmission rates after surgery and incidence of postoperative complications as defined by the Society of Thoracic Surgeons (STS) [11] . It is important to note that during the study period there were some changes to delivery of cardiac surgical perioperative care, which are highlighted in Fig. 1 . This study was granted approval by the Health Sciences Institutional Review Board of the University of Wisconsin, Madison, USA.
University of Wisconsin Hospital and Clinics pre-AAC system
Patients in the pre-AAC group received the traditional model of postoperative care after cardiac surgery. In this model, patients were immediately transferred to the surgical ICU floor from the operating theatre (OT) and cared for directly by the nursing, intensive care and surgical teams. If the patient's condition met the criteria for step-down level of care, they were transferred to the CT surgery unit to continue required care until being discharged. The criteria to step down from ICU care are as follows: (i) extubation with exception for patients on continuous positive airway pressure or bi-level positive airway pressure, (ii) no continuous veno-venous haemodialysis, (iii) no inhaled nitric oxide, (iv) no extracorporeal membrane oxygenation (ECMO), (v) no intra-aortic balloon pump (IABP) and (vi) no pulmonary artery catheter. Should complications arise in the CT unit, patients were transferred back to the ICU unit.
University of Wisconsin Hospital and Clinics AAC system
In the AAC model instituted at UWHC, continuous patient-focused care is provided directly by the primary surgical team from the surgery to discharge [12] . These surgical teams consist of physicians, residents, fellows, physician assistants and nurse practitioners. The 27-bed acuity adaptable units in the CT department house 300-square-feet rooms that can be reconfigured to meet the needs of different levels of care. These rooms are larger than regular patient rooms so as to accommodate treatments that involve additional critical-care equipment for mechanical ventilation, IABP, ECMO and continuous veno-venous haemodialysis and staff members. Furthermore, these rooms are capable of supplying medical gases, data ports and electrical outlets required for ICU-level of care. After undergoing cardiac surgery, patients are transferred directly to the AAC units to receive ICU-level of care. Once they meet the criteria (detailed previously) for intermediate or GC, the equipment in the room is changed accordingly without having the patient move to another unit.
The process of transitioning from pre-AAC to AAC started with a group conversation among the nursing staff to figure out training each nurse needed in order to become comfortable treating patients across different levels of care. Colleague support was an integral part of this process. In the beginning, classes were held where GC/IMC staff were asked to mentor their ICU colleagues. IMC/GC staff assisted ICU staff on the process of discharging patients, while IMC/GC nursing staff were oriented to the ICU and asked to assist with procedures in the ICU rooms to their level of skills (i.e. assist with settling cases draw labs, CT output etc.). After the AAC model was in use for a year, all new nursing staff who are oriented into the ICU start at IMC/GC for a year prior to going into the ICU. It must be noted that flexible nursing staff is the key to successful operation of the AAC units. Staffing assignments often change during the day due to patient status changes. For this reason, staff hired to the unit are counselled on the 'adaptable' nature of the unit to ensure proper fit. After adoption of the AAC model, staff-to-patient ratios for ICU care remained similar to the pre-AAC ratios (1:1 or 1:2); however, these ratios slightly decreased for IMC/GC care from 1:4 ( pre-AAC) to 1:3 (AAC).
Statistical analyses
Categorical data were summarized with percentages and compared between groups using Fisher's exact test or χ 2 test, where appropriate. For continuous variables, we reported the mean and standard deviation (SD) or median and IQR (when we had nonnormal data), and compared between groups using unpaired t-test or non-parametric Mann-Whitney U-test. Variables for patient demographics that were found to be significant either between the groups (Pre-AAC vs AAC) or the outcomes (such as complication, length of ICU stay (h) and length of hospital stay (day)) at 10% level of significance (P-values <0.10) in the univariate analysis were included in a multivariable analysis in order to control for their confounding nature and assess the true effectiveness of the AAC intervention on these outcomes. To avoid multicollinearity for the purposes of causal modelling, only one variable was included from each set of inter-correlated variables. Pearson's correlation was used to test whether there was collinearity between the chosen variables. Since, serum creatinine and dialysis were highly correlated, dialysis was excluded from the model. With low-degree correlation between hypertension and hyperlipidaemia, the latter one was chosen. For continuous outcomes, we used rank-transformed analysis of variance and for discrete outcomes we used logistic regression analysis. All statistical analyses were performed with SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA).
RESULTS

Patient demographics
Patient demographics and operative variables are reported in Table 1 . No significant differences were found between pre-AAC and AAC patients with respect to age, gender, body mass index, serum creatinine levels, poor left ventricular (LV) function and comorbidities including history of diabetes, hypertension, cerebrovascular accident, chronic lung disease and dialysis. The number of patients with hyperlipidaemia and peripheral vascular disease was significantly higher in the AAC group when compared with the pre-AAC patients (P < 0.01).
For the operative variables, there were no significant differences between groups with respect to the number of patients undergoing valve procedures, CABG with valve and/or aortic procedures, and off-pump coronary artery bypass grafting (OPCAB) surgery. In addition, there were no significant differences between groups in the proportion of emergent or reoperative procedures as well as the proportion of OT extubation procedure and cardiopulmonary bypass (CBP) time. However, the proportion of isolated CABG procedure was significantly lower, those of aortic procedure and mechanical assist device insertion were higher and that of heart transplantation was lower in the AAC group (P < 0.05).
Postoperative outcomes
The postoperative outcomes are summarized in Table 2 . The median LOS of ICU stay significantly decreased in the AAC group when compared with the pre-AAC group, from 49 to 26 h (P < 0.01). The median hospital LOS also significantly decreased in the AAC group from 6 to 5 days (P < 0.01) (Fig. 2) . Furthermore, the readmission rate of ICU significantly decreased in the AAC group from 4.5 to 1.8% (P < 0.01). However, significant reductions in hospital mortality, 30-day mortality and 30-day readmission between the groups were not observed.
For the 30-day postoperative complications (as defined by the STS registry) after the implementation of AAC system, the overall (Table 2 , P < 0.01). Specifically, the incidence of perioperative myocardial infarction, pneumonia, prolonged ventilation, renal failure, requirement of haemodialysis, gastrointestinal events and atrial fibrillation significantly decreased in the AAC group (P < 0.05).
Multivariate analyses
Adjusting for preoperative risk factors and operative variables that are associated with either the outcome of interest or the group, we still found the length of ICU and hospital stay, the overall incidence of complications and readmission rate to be significantly reduced by the AAC intervention (P < 0.01; Table 3 ).
DISCUSSION
In an ever-changing economic environment, hospitals are rapidly evolving ways to streamline care without hindering quality. Although the impacts of fast-track protocols for perioperative cardiac surgery patients care have been well documented [1] [2] [3] 13] , there are limited data on impacts of the AAC model on postoperative care for cardiac surgery patients. In this study, we reported our institutional experience of the impact of AAC units on the outcomes after adult cardiac surgery. According to our data, adaptation of AAC units has significantly shortened LOS after adult cardiac surgery and improved patient outcomes by reducing the incidence of postoperative complications without increasing readmission and mortality rates. Also, we note that despite finding significant differences between groups, using multivariable analysis we still found the AAC intervention to significantly improve the outcomes.
In our institutional experience, after the implementation of the AAC system, the median length of ICU stay and hospital stay after the surgery were significantly reduced by 23 h and 1 day, respectively (Table 2 , P < 0.01). Previous studies support this finding. North Memorial Medical Center, Robbinsdale, MN, USA, reported that a cardiovascular single-unit stay programme had decreased an average LOS by 2.3 days for their cardiac surgery patients [14] . Similarly, the experience of the Heart Hospital Baylor Plano, Plano, TX, USA, indicated that the average LOS for isolated CABG patients had been significantly reduced after implementation of their universal bed system [15] . A study published from our institution reported that the AAC model had significantly reduced the mean LOS for patients undergoing major pulmonary resection for malignancy by 3.5 days [12] . One reason why the AAC model reduces LOS could be that it eliminated the need to transfer patients between units due to the flexibility of the rooms to adapt to different levels of care, thus saving time and staff resources. Ulrich reported that transferring patients not only increases the risk of medical errors, hospital infections and staff injuries, but also increases the amount of paperwork for nursing staff to complete. The author concludes that elimination of transfers has the potential to reduce LOS by at least 0.5 days [16] . Several more studies support this finding [17, 18] . Hendrich et al. [8] investigated the impact of 56 AAC units in their CT division. They reported a 90% reduction in clinician handoffs and transfers, as well as a significant decrease in patient falls, and a 70% reduction in medication errors. Therefore, the elimination of patient transfers using the AAC model can provide several benefits that go beyond just saving time. As a result, these potential benefits contribute to significant reduction in postoperative LOS.
Our study demonstrated a significant improvement in the incidence of several postoperative complications in the AAC units ( Table 2 , P < 0.01). While a reduction in complications was also reported by North Memorial Medical Center, the impact of the AAC model on specific complications varied. For instance, Clark et al. [14] reported a reduction in the incidence of deep sternal infections in patients after cardiac surgery by their single-unit stay programme; however, our data showed no differences between groups for this complication. Similarly, Hennon et al. [12] also reported a significant decrease in complications after implementing the AAC model for major pulmonary resections. One study reported single patient rooms to be more conducive to infection control and patient care [19] . Although our data did not show a decreased incidence of deep sternal infection, we observed a significant reduction of postoperative pneumonia in the AAC group. One potential reason for the reduction in complication rates could be the continuity of postoperative care provided from the AAC model. Since there is no need to transfer AAC patients, the same nursing staff, physicians and ancillary staff can care for them after the surgery through discharge. Interactions with familiar nursing staff are likely to promote active communication. Therefore, this continuity of postoperative care can allow patients to build extraordinary, trusting relationships between physicians, patients, families and ancillary staff [6] . With continuity of care, all of the medical providers understand their patients better; this knowledge improves their ability to anticipate and resolve potentially life-threatening complications. Furthermore, most nurses in the AAC units have advanced critical assessment skills and cardiovascular recovery care experience and could also quickly recognize complications and respond in a timely manner that can prevent compromise to the patient's condition. In addition to improving outcomes and reducing LOS, the AAC model can provide several other benefits to staying in a single patient room for postoperative care. One of the main benefits of the AAC model is patient satisfaction. Acuity adaptable patient rooms allow increased privacy and accessibility for visitors and nursing staff [20] . Patients reported being more satisfied by having their privacy respected and felt that they were in a comfortable environment while receiving better care and education [21] . Furthermore, excessive noise has been reported as a significant hindrance in ICU units, increasing stress and blood pressure as well as disturbing sleep [22] . Since acuity adaptable units are private rooms, patients in AAC units experience reduced noiseinduced stress, further increasing patient comfort during their hospital stay [6] . Finally, a study by Horsburg [23] demonstrated that patients were less able to process information when they are put in stressful environments such as hospitals. The changing environments patients face during inter-unit transfers further exacerbate this lack of coherence when their level of care has been recategorized. Patients who are cared for in the AAC model rarely face these circumstances and have reported to be less stressed when compared with patients in the ICU [8] . This satisfaction is not only limited to patients and families, as nursing staff also value this innovative approach to care. A study by North Memorial Medical Center reported increased staff satisfaction as evidenced by the decreased staff turnover rates from 28.3 to 1.7% [14] . Furthermore, according to a survey of 77 nurses in 4 hospitals, single-occupancy patient units were rated more favourably than multioccupancy patient rooms in multiple categories, including flexibility in accommodating family, patient comfort level and patient recovery rate [24] . Although our study did not investigate the data regarding patient satisfaction, we believe that the AAC model not only improves patient care by reducing LOS and complication rates, but goes beyond by improving the well-being of patients and staff alike. We acknowledge some limitations in this study. One limitation is the retrospective design of our study and the limitations associated with a single-centre approach. Another limitation is the size discrepancy between cohorts. Since we included all patients who underwent major cardiac surgery at our institution during the study period in our sample, by the nature of the data collection we had disproportionately more patients in the AAC than pre-AAC group. From examining the patient demographics, there is a discrepancy in operative procedures between the two groups (AAC and pre-AAC). This discrepancy is likely attributed to the period difference between groups due to the decreased proportion of CABG procedures in the AAC group, which are being replaced by increasing percutaneous coronary interventions. Subsequently, the proportion of other procedures increased for this reason. Despite controlling for variables using multivariable analysis, there is a potential for bias in our study as there may have been inherent differences between groups in factors that we did not account for. In addition, we recognize that our sample group underwent cardiac surgeries from different surgeons at our institution and bias from surgeon variability was not controlled for in our analysis. It is important to note that there are many factors that determine the incidence of complications, including the presence of comorbidities. We note that AAC does not completely account for the significant improvement in outcomes (complication rates and LOS) as there have also been changes in care delivery during the study period that may also play a role in reducing the complication rates (Fig. 1) . Furthermore, we note that the AAC model is not conducive to all types of hospitals as we experienced significant staff turnover following the transition to AAC model of care, particularly in ICU-qualified staff. This has been evidenced in prior studies, which report that the model does not work effectively for small community hospitals due to the increased workload on nursing staff [7] .
In conclusion, the implementation of the AAC system has improved the outcomes after major cardiac procedures in our institution. The incidence of postoperative complications and LOS have all decreased significantly without increasing readmission rate. AAC units create a system of fluid care with specialty-trained nursing and other ancillary support that expedites discharge and improves overall patient outcomes.
